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According to T'opinard (1), prognathism has, since the time of

Prichard, been understood to mean '' the elongation and prominence

or the obliquity of the jaws, cominion in the black races of Africa and

Oceania, accidental in some Europeans." As thus defined, Topiuard

lias divided prognathism into two categories. (1) ^superior facial, and

(•J) inferior facial.

Tiie former he still further subdivides into three divisions: —
(a) The entire facial prognathism.

(b) The superior facial prognathism.

(c) The alveolo subnasal prognathism.

The latter he divides into two :
—

(a) The inferior dental prognathism,

(b) The inferior maxillary region, the teeth being indepen-

dent of the jaws.

In reviewing the various methods of determining that form of facial

projection already defined as '' superior facial," Topinard gives a brief

resume of ten methods, which include such well-known angles as Cam-

pers facial angle, Welcker's nasobasal angle. Yogi's angle (a modifi-

cation of Welcker's angle), Vogt's palatine and vomerian angle, and

Virchow's method, the old German method, that is, the comparison of

the glabella-occipital line with the alveolo-occipital line ; Busk's facial

radii, Broca's auricular radii, the same author's projection method,

Jjucae's method, and, finally, Topinard describes his own method, by

means of which he estimates the " true '" prognathism, determined by

means of the angle formed by the profile line with the horizontal

plane.

Ihering (2) and Lissauer ('}) likewise give a resume of the methods

employed by the German scho'ol up to 1872.

With the possible exception of Topinard's method, most of the

above are now out of date. The more modern means of determining

prognathism and dolichocephaly will be discussed later.

Of the factors which produce prognathism, many investigations

have been made ; for example. Duckworth (4) points out that prog-

nathism is dependent (»n two factors, firstly, the size of the teeth and
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the length of the palate, and secondly, the size of the nasopharynx,

which may be estimated by the distance from the pharyngeal tubercle

and basi-occipital to the palatal spine, and thirdly, the degree to

which the base is bent at the sphenoethmoidal junction.

Keith (5) has also devoted some thought to this problem, and in

an extract from "Nature," he states:
—"The prognathism of the

negro is due to several factors; it is chiefly due not so uuich to a

larger, but a healthieir dental development, which ensures a due for-

ward revolution of the jaws during the eruption of the permanent

teeth, thus providing an ample air-way through the pharynx. In

Europeans the revolution forwards of the jaAvs showed a distinct

tendency to become arrested preniiaturely, thus contracting the

pharynx. The negro condition was the more simian, but it also

one which modern Europeans would willingly share -with hin), because

of its functional methods."

The correlation between prognathism and other cranial features

has also been exhaustively studied. Thus Thomson (6) says that an

association between dolichocephaly and prognathism has been widely

recognised, and he himself finds that prognathism is generally cor-

related with an extension backwards of the occipital region, a view

Dati'ner (7) also holds. Brinton (8) considers this correlation be^

tween prognathism and dolichocephaly is brought about by increased

muscular action. But, whatever the cause of such association of

prognathism and dolichocephaly uDay be, F'lower (9), Wohlbold (10)

and Duckworth (11) are each clearly of opinion that it is, as exem-

plified in the case of the Australian aboriginal, a. characteristic of

race.

Huxley (12) was of opinion that there existed a relationship l>etwet^n

prognathism and the slope of the foram.en occipitale magnum. The

greater the facial skeleton, that is, the more pronounced the degi-ee of

prognathism, the more perpendicular was the slope of tlie foramen

occipitale magnum found to' be. By superposing median diagrams of

the highly prognathic skulls of a negro, Australian and Tartar, be

found that the slope of the foramen occipitale magnum in these

particular sculls formed a somewhat smaller angle with the basi-

cauial axis, than was the case in orthognatic skulls. On the other

hand, Welcker (13) failed to see any connection between prognathism

and the slo})e of the foramen occiptile magnum, but thought there

was some correlation between prognathism and the position of the

opening, which, as Bolk (1-i) says, " comes practically to the same
thing, if a connection between position and slope be assumed.'

Welcker (15) says, " Biegt am Vordersiliadd der Oberkiefer des

Menschen mehr nach vorn (Prognathismus) so riickt /ugleich am Hin-

tersc'hadel das Foramen medullare mehr nach riickwarts." Aeby's (IG)
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views do not ajri'ft^ witli tliost- of IIunIcv. He says, ' lliixlry !:'liiul)te

(lie Neiufutig iiiit deiii I'ro<riiathisnius in Verliinduniz' l)rin<r<'n /.n

kiinnen. Die Steilheit der Stelhmt:' soUte in «ileiL-heni Masse wie die

lot/tere wachsen. In unseren Tabellen tindet sicli keiiie I'.csiJitiL^ung

dieser Ansitht." Hopf (17), Darwin (IS), (19), Spencer (20). Keith

(21), Duckworth (22), Wiedersheini (2:5), Schaafhausen (2-i), have

each and severally considered the successive stages of growth of the

maxillary region, and the reasons therefor, in order to determine, if

]iosKihle. the causes which produce or accompany an increase or

reduction, as the case may be. in the amount of prognathism present.

Without pursuing further the subject of factors responsible for prog-

nathism, and their association with other cranial features, it should

be sufficiently clear that much attention has been devoted to both

aspects of the question, and that mir knowledge of the sul)ject is

correspondingly enhanced.

Of the uKidern methods of determining prognathism by direct

linear measurements, mention may first be made of F'lower (9), who

calculated the prognathism of the skulls in the Museum of the Royal

College of Surgeons. London, l)y what is now knijwn as Flower's

(inathic, or Alveolar Index —an index which expresses the ratio

which the basi-nasal line bears to the basi-prosthionic line, the

former being taken as lUD (see Fig. [.).

Fig. I. —Illustrating Flower's Gnathic Index, and Fraipont's Methods.

(i:=Glabella : Pr= Prognathic point : N=:Nasion: Ba^Basion:

L=: Lambda.
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Fraipont, in order to estiiuate the forward iirojection of the pre-

uiaxilhiry region, introduced at the 19fKi Liege Congress of French

Anatomists, a new method, employed by him in his investigations

upon the Spy crania. The method consists in producing the glabella

laml)da line forwards, and then dropping perpendiculars at right

angles to it (Kiu. 1). The one drawn troni the glabella, usually cuts

the sei-ond ^jremolar, and, more rarely, the first molar, and is occa-

sionally known as '" Fraipont's line. The point of inteirsection of the

line drawn parallel to Fraipont's line, and cutting the prosthion, with

the glabella-laniibda line, continued forwards constitutes Klaatsch's

" Prognathic point '" ('2')), (Fig. 1). The distance from the glabella

to the ' prognathic point " expresses, in millimetres, the amount of

prognathism present, that is, the amount of facial projection in front

of the glabella. Fraipont, from the results thus obtained, deduced

the fact that the amount of facial projection, or prognathism, in the

Spy crania, was greater than had been previously suspected (Fig.

Thomson and Maelver (26), consider that the method devised by

Flower lias several weak points, and they therefore depart from it

in their examination of the ancient Egyptian crania. In their pro-

posed method, they take into consideration two factors which present

themselves in the upper jaw ; firstly, the degree of variation in the

vertical face leng-th, that is, the nasi-prosthionic length, and secondly,

the variations in the horizontal length of the basi-prosthionic line.

By connecting three points— the basion, prosthion and nasion —

a

triangle is formed.

From a series of measurements of 38 skulls, these authors found

that the angle formed by the basi-nasal line and the Frankfort hori-

zontal plane varied between 22 degrees and 34 degrees, witli an

average of 27 degrees. They availed themselves of the constancy of

this angle in order to construct a new h(u-izontal, upon which to esti-

mate the degree of prognathism, their procedure being as follows : —
Prolong the basi-nasal line indefinitely downwards and backwards,

upon this erect a horizontal, at an angle of 27 degrees, open forwards

with the basi-nasal line. This line may be prolonged indefinitely

backwards and forwards, and the figure is now converted into a

triangle, by dropping from the nasion a perpendicular, which cuts

the new horizontal at a right angle. (See Fig. 2). The amount
of projection of the prosthion in front of the perpendicular line N-P in-

dicates the degree of prognathism, and is re;id off by means of theii'

specially-devised trigonometer. Fiirst (27) has also studied this

method, Imt he comes to the coni'hision that the liasal aniile possesses

so great a degrei- of variati(in that, he t-aunot, like Thomson and Mac-

Iver, accept a constant size for it. He savs, " Aus allem, was ich
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ol)en antiefuhrt habe, ueht deutlirh hervor (hiss, wenn wir iiiit einer

iiunualen (tI-ossg des Basalwiiikels rochiieai wollen, dieser wohl '.W

Grad angesetzfc werden muss. Aus doii TabelU n wird es aber auch

deu'tlich, dass die Grosse des Basahvinkels eine so weite Variations-

breite hat, dass niiin nicht wie Arthur Thonisoii iind Randall Maidver

l»ei ilim eine konstante Grosse annehiiu'ii iind daiiaeh audere anlliru-

|M)ioo-isrlie .Merkinale aiitrcben kann.'

Fig. I [. —Illustrating Thomson and Maclver's Method.

N= Nasion : P=:Prosthion : Ba=:Basion.

Keitli {2^), in describing a new craniouieter, states that '' the most

satisfactory index is in the area, of the palate, estimated by plotting

out the diameters of the palate on millimetre paper.'' This he does

by means of the instrument he describes, but as this was not available

in Melbourne, I have been unable to adopt his suggestion. In any

case, it is, perhaps, open to question, whether, in view of the fact

that the present research is largely comparative, it would have been

advisable to adopt methods wliich so obviously restrict the field of

comparistm.

From the foregoing brief analysis of such comparatively modern

methods of estimating prognathism, as those associated with the

names of Flower, Thomson and JNlaclver, Fiirst and Keith, it is

apparent that none are entirely satisfactory, or altogether free from

objection. It has been shown that Fiirst differs from Thomson and

Maclver, as to the oonstr.ncy of the basal angle, whilst Keith's

method not only recpiires a special apparatus, l)ut also special modes
ttf inveistigation. Turner (29) had ajtparently this same difficulty in

mind when he wrote, in iWerence to the estimation of pyrognathism of

the Tasmanian crania in the Oxford collection:
—"The diti'er
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suits procured by these luethods on the same skulls illustrate the

difliculty of obtaining a precise estimate of the degree of progna-

thism.''

With the exception of Keith's method, all were introduced prior to

the invention and general adoption of the dioptrograph and dia-

graph, and it is questionable whether all that is claimed by the

authors quoted for their special methods cannot really be better

done now with t*lie diagraph. In any case, the perpetual multiplication

of new methods and special instruments for the same purpose, renders

it almost impossible to collect sufficient data for the comparative in-

vestigation of tlie several races. For all these reasons, therefore,

I have thought it advisable to confine myself to dioptrographic trac-

ings, which, fur the Tasmanian, have now been rendered available to

all by Berry and Robertson, and to record the degree of prognathism

by Flower's method. This procedure has the great advantage over

and above all the others herein discussed, that it enables me to insti-

tute a series of comparative observations of the Tasmanian with

other races. Personally, I am of opinion that in this way only

will any real progress be made in the complex science of the

craniolog}- of race.

Tlie material upon which the present research is based will be

found in Berry and Robertson's "' Dioptrographic Tracings in Four

Normae of Fifty-Two Tasmanian Crania " (30). All the observations

recorded herein are calculated from the median sagittal tracings,

shown in No)-ma A, and are as follow :
—

1 The basi-nasal length.

2. The basi-prosthionic length.

3. Gnathic index.

4. The nasi-prosth ionic length.

."). Ihe glabella prosthion basion angle.

G. The jjrosthion glabella basion angle.

Of these observations, the first three comprise the data necessary

for the estimation of prognathism by Flower's method, and the last

three are supplementary measurements, upon which to estimate the

general projection and height of the face.

As stated elsewhere (31), it was not possibk- to record all of the

observations on every skull. Number -tS, being a juvenile subject, the

measurements recorded on it have been uniformly omitted from the

final results. The results of Numbers 4 and (^ have also been oinitted

where they concern the prosthion.

In Table I. are set forth the individual observations upon the

crania referred to.

In the two columns on the Icji are recorded the original numbers
and their serial numbers. In the columns to the rijjht the several
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observations recorded are displayed, witli the crania separated into

sexes, and the results tabuhited accordinfrly. At the fo(Jt of the

male and female obsei-vations respectively, the minimum and maxi-

mum fijrures are recorded, to2,ether with the average results. The

total results, for both males and females are set forth at the end of

the tal)le.

TABLE I.— iMALES.

Oriifinal

number.
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Middlesex ll(»s]iital Museum, and (e) Duckworth's (?>?>) study of the

Tn-snianian erauia in tlie Canihridj?e Aiiatoniioal Miisenni.

This nnikes. coinLinol with the tia'ures of the present work, a total

of 74 busi-nasal. (Ki liasi-prosthionic, and 66 gnathic index obserA'a-

tions of Tasmania crania, which, it may be noted, is by far the largest

number of Tasmanian crania as yet investigated in connection with

the question of the prognathism of this nosv extinct race.

The detailed results of the combined figures, and also of my original

figures, are set forth in Table II.

Combined
Results

TABLE II.

Number Buchiicr Number Turner Number

1. The basi-nasal length - 41 - 95 - ... - - 7-t - 9G.G0±.47

2. The ba-si-prostiiiouiclciio-th .32 - !t7.5 - ... - ... - ()(> - 9S.7()±.50

3. Gnathic index - - - 32 - 1(I2 - :31 - W.i.ij - (i(> - 1U2.:!8±.30

This table shows that the gnathic index of the G6 Tasmanian

crania utilised for the investigation gives a true mean of 102.38=b.30,

that is, the Tasmanian is niesognathic, but stands at the extreme

end of the scale, and is just on the confines of mesognathism and

prognathism.

It is clear that these figures must be accepted as furnishing the

correct estimate of the degree of prognathism, for two reasons

:

firstly, Ijecause they comprise the largest number of Tasmanian crania

ever previously examined for this purpose, many of which are entirely

neAv to science, and secondly, because the final results are attained by

biometric methods, and not by the laws of arithmetical average.

Further, it is clear that the position of the Tiismanian on the meso-

prognathic borderland, explains many of the discrepant results at-

tained by previous workers with other methods, and insufficient data ;

for example, we have here, I think, an entirely adequate explanation

of the somewhat c^onflicting results achieved by such competent ob-

servers as Turner (29) and Thomson.

For the purpose of establishing a comparison between the prog-

nathism of the Tasmanian and that of other races, I have utilised,

for the former, all the figures available to me, in all 74 observations.

From these I can only avail myself of G6 gnathic indices, for the

suflScieut reason that in the remainder <me or other of the necessaiy

measurements was missing. The selected races for comparison are

the Australian, the Veddah, the Cliine.se, and Andamanese, and the

modern Italian. I he selection so made is not a mere casual one, but

is specially chosen as furnishing examples of admittedly pure races,

like the Andamanese, impure types like the modern Italian, and
races of doubtful purity, like the Australian. The figures in each
instance are taken from Flower's Catalogue, and the results are set

forth in Tables III,-V.
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Table III. deals with the hasi-iiasiil length, and shows the pro-

visional mean, the true mean, and the standard deviation of same,

and the co-eflficient of variation, together with the numbers of ex-

amples of each race. The six races are arranged in the order of the

true means of the basi-nasal length.

From this we infer that the basi-nasal length is shortest in the

pure races (Andamanese, Veddahs and Tasmanians), longest in im-
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\\\(\v alsti applies to tho Australian, with tlie reservation that the

itter is more pro^'uathic than the Tasnianian.

TABLE V.

OrNATHif Indices.
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Notwithstandinjr that there are at the two ends of the scale known
]>ure and impure races, it is sutKciently clear that it would be very-

injudicious to endeavour to draw any conclusions whatsoever as to

the purity or impurity of race from the ranr!;e of variation of a

secondary racial character like pro<rnatliism. What, however, does

emerjje very clearly from the present research is that the Tasmanian

is, as estimated from Flower's ofnathic index, on the meso-prognathic

border line, and slightly more orthognathic than the Australian.

In conclusion, there are appended five frequency polygons of the

gnathic indices in the selected races, and Table VI., which establishes

comparisons of tlie prognathic index, and measurements between

anthropoid apes, prehistoric and recent man. (See Fig. Til.).

The anthro})oid tit^ures are derived from Oppenheim (34), and from

them I have calculated the jrnathic index.

Fig. rV. —Tasmanian

Australian

Neandertal (Klaatsch)

Glorilla —• —• —•• —— —•
—-•

(Superpo.sed on basi-na.sal axis.)

The remaining measurements are mostly from Flower's Catalogue,

supplemented in the case of the mesognathic 90 Australians by

figures derived from other sources. Concerning the Tasmanians, the

32 there included are the original contribution of this work to the

subject.

Tlie entire results are classified according to their degree of pro-

nieso-, or orthognathism, but it is important to bear in mind that the

results set forth for the !)0 Australians. 32 Tasmanians, 19 Andamanese
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and 32 Chinese have been re-calculated by me by biometric methods,

and are therefore more accurate than the remainder, which are only

arithmetical averages.

The entire table contains an interesting survey of the subject

of prognathism from an evolutionary and racial standpoint, and is

fairly free from the objection which so commonly attaches itself to

such tables of too sweeping deductions from an insutliciency of

numbers.

TABLE VT.

Number.

43

40

55

36
58
90
32
19

29
32

184
50

Orange Utan (female)

Orang Utan (male)
Chimpanzee (male)
Chimpanzee (female)
Gorilla (male)
Grorilla (female)

Gibraltar (Sollas)

African Negroes
Melanesians
Australians
Tasmanians
Andamanese
Hindus
Chinese
Eiiropeans
Modern Italians

Basi -nasal

length.

92
96

101

102
• 140

123
• 106
. 98

96
• 98.75
- 96.60

91.26 -

101

97.23
• 98.1

98.6 .

Rasi-pros-

thionic

lensth.

162

164
133

129

173
148

112
102

103

1(X).91

98.70

92.74

94
95.70

92
94.6

V

Gnathic index.

176

170
131

125
123

120
105.7

104.4

103.4

102.38

102.08

101.32

9S.7 '

97.94 ± .48) .

96.2 -|:

95.92 ± .32 I 5

.SO)

.40 I

.55 1
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